In this study, samples of activated carbon were prepared from pomegranate pulp by chemical activation. H3PO4 was used as chemical activation agent and three impregnation ratios (50-100-200%) by mass were applied on biomass at impregnation times of 24 and 48 hours. Carbonization is applied to impregnated biomass samples under N2 sweeping gas in a fixed bed reactor at 500 and 700 °C. For determination of chemical and physical properties of the obtained activated carbons; elemental analysis was applied to determine the elemental composition (C, H, N, O) and FT-IR spectra was used to analyze the functional groups. BET equation was used to calculate the surface areas of activated carbons. For understanding the changes in the surface structure, activated carbons were conducted to Scanning Electron Microscopy (SEM). Maximum BET surface area (840 m 2 /g) was reached with the activated carbon generated using 200% H3PO4 impregnated biomass sample, at a carbonization temperature of 700 °C and impregnation time of 48 hours. Experimental results showed that impregnation ratio have a significant effect on the pore structure of activated carbon and pomegranate pulp seems to be an alternative precursor for commercial activated carbon production.
INTRODUCTION
Activated carbon is a black charcoal-like material, which has a well-developed pore structure, which leads to its large surface area; in addition, it possesses good mechanical strength.
Activated carbon is commonly used as adsorbent in wastewater treatment and gas removal as well as a catalyst. Commercial activated carbon is normally obtained by using coal as the precursor, making it very costly and hence requiring searches for cheaper substitutes, mainly from biomass. Agricultural waste is gaining credence as a suitable precursor for the preparation of activated carbon to be used as an adsorbent due to its easy availability and nearly-zero or low cost [Senthilkumar, et al., 1999] .
In this study, activated carbons were prepared from pomegranate pulp by chemical activation with H3PO4. The yields, specific surface areas, pore volumes and, pore sizes of the activated carbons were determined. The influence of the different impregnation ratios, activation times and the carbonization temperatures on surface chemistry was investigated using instrumental methods such as elemental analysis, FT-IR, BET and SEM.
MATERIALS AND METHODS
Pomegranate pulp have been supplied by a fruit factory in the region of western Turkey. It was dried at room temperature. Drying was timed up to obtaining a constant weight. After drying raw material was ground in a high-speed rotary cutting mill and stored in a cool and dark room. Average particle size in 0.5245 mm was used for preparation of activated carbon. The characteristics of the raw material are presented in Table 1 . Raw material was directly impregnated with chemical activation agent. Ground and sieved pomegranate pulp were treated with H3PO4 solutions at room temperature in three different weight ratios as 0.5/1-1/1-2/1. Continuous mixing of the precursor with chemicals for 24 and 48 h was maintained by using a magnetic stirrer. After mixing, solutions were allowed to dry at room temperature for 24 h and then dried at 85
• C for 72 h in a temperature controlled oven to prepare impregnated samples. Impregnated samples were carbonized in a stainless steel fixed bed reactor at 500 and 700 °C under nitrogen (N2) flow of 100 cm 3 /min and at a heating rate of 10 °C/min and held at this temperature for 1 h. After being cooled, all the carbonized samples were washed several times with hot water until pH became neutral and finally washed with cold water to remove residual chemicals. Washed samples were dried at 105 °C for 24 h to obtain the final activated carbons. Results in Table 2 indicate that both the concentrations and carbonization temperatures influenced the yields of the activated carbons.. An increase in the reagent concentration at the same temperatures resulted in a decrease in the yields of the activated carbons. An increase in the temperature at the same concentrations led to a decrease in the yields of the activated carbons.
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Characterization of the activated carbons
The carbon, hydrogen, nitrogen, and oxygen (by difference) contents of the pomegranate pulp and activated carbons were measured using a Carlo Erba EA 1108 model Elemental Analyzer.
Surface areas of each activated carbon were calculated from N2 adsorption isotherms by using .The surface morphologies were studied by SEM. The SEM images were obtained using Zeiss Evo 50 SEM.
RESULTS AND DISCUSSION
BET surface area of activated carbon is important because, like other physical and chemical characteristics, it may strongly affect the reactivity and combustion behavior. The higher surface areas are probably due to the opening of the restricted pores [Ioannidou and Zabaniotou, 2007] . BET surface area of activated carbons are shown in Table 3 . It can be seen that surface area increases with impregnation ratio and carbonization temperature. The highest surface area (869 m 2 /g) was obtained having 2/1 impregnation ratio and 700 °C temperature which is relatively high surface area for an activated carbon. The effect of different activation temperature impregnation ratios and times on total pore volume, micropore volume and micropore area for the activated carbons with the highest surface areas are given in Table 4 . It was seen that, microporous structure is well developed for the activated carbon produced activation with increasing impregnation ratio up to 2/1. The optimum impregnation ratio to get higher surface area and pore volume was determined as 2/1%, where the highest surface area of 839 m 2 /g with a pore volume of 0.8167 cm 3 /g were obtained activated carbon.
The elemental analysis results of the activated carbons obtained are shown in Table 4 .
Compared to the pomegranate pulp, all carbon samples had higher contents of C and lower contents of H and O. It can be said that chemical activation accelerated the removal of H and O and this resulted in an increased C content as expected. Scanning electron microscopy (SEM) technique was used to observe the surface physical morphology of the samples. SEM micrographs of the pomegranate pulp and the produced activated carbon (AC9) were given in Figure 2a and b. From Figure 2a , it is clear that the pomegranate pulp has fibrous structure with smooth surface. H3PO4 activation has substantial effect on the pomegranate pulp with impregnation ratio of 2/1 shows cavities on their external surface that improve the porosity. Different pore sizes and shapes were observed on the activated carbon surface because of depolymerization and subsequent release of volatile organic substances from carbonization. Figure. 4 represents the FTIR spectra. The spectra are approximately very similar for the activated carbons; however they different from raw material, which is a result of the chemical and thermal treatment Some bands disappeared or weakened during the activated carbon preparation including the impregnation and the activation; in particular, the bands located in two regions between 3,600 and 2,800 cm −1 and between 800 and 400 cm −1 .The first peak at 3,300 cm −1 is ascribed to OH stretching vibration in hydroxyl groups. This peak is stronger for the pomegranate pulp and has weakened for the activated carbon.Two strong bands observed at 2,920 and 2,860 cm −1 are assigned to asymmetric C-H and symmetric C-H bands, respectively, present in alkyl groups such as methyl and methylene groups. However, this band disappeared in the activated carbon. These bands were visible in raw material, but not in activated carbon. 
CONCLUSIONS
The present investigation showed that pomegranate pulp, a waste of fruit juice industries, can be effectively used as a raw material for the preparation of activated carbon. Activation temperature and impregnation ratios are effective on the porosity, surface area of activated carbons. The production of activated carbons with high surface area and highly developed micropore from pomegranate pulp is indeed of importance from the view point of economic and environmental aspects. The activated carbons produced can be effectively used as a low cost adsorbent for various environmental applications such as removing hazardous compounds from industrial wastewater and waste gases.
